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nuts and bolts of 
DNA sequencing 
approaches and 
bioinformatic tools 



Metagenomics


  Basic concept

  an approach for obtaining the total gene content of 

a microbial community in order to understand its 
function


  Day-to-day reality of metagenomics

  has been used interchangeably to describe 16S 

rRNA-based inventories and whole shotgun 
approaches


  different questions can be addressed (sometimes 
exclusively) and drastically different hardware 
needed (both in terms of wetlab and computational)




How we study microbial communities


  Mode for the past 25 years 
has been single gene as 
proxy for whole organism 
(16S rRNA gene inferred)


  New insights on extent of 
uncultivable world


  Wide community adoption 
(i.e. accessible technology 
and analytical tools)


Fox (2005)  ASM News.  71:6-7 



Tools


  Hardware equations for handling 16S rRNA data:


+ 

+ 

+ 

454 

Illumina 

Sanger 

* 

-or- 



DATABASES FOR rRNA SEQUENCES ANALYSIS PLATFORMS FOR 
rRNA SEQUENCES 

Tools


  Database and software options for handling 16S rRNA data:
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CHALLENGE #1:"
WORKING IN A DE-CENTRALIZED/"
EMERGING FIELD


DATABASES FOR rRNA SEQUENCES ANALYSIS PLATFORMS FOR 
rRNA SEQUENCES 
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COGs	
  

subsystems 

nr 



  Ini$a$ve	
  by	
  the	
  Genomic	
  Standards	
  Consor$um	
  (GSC);	
  the	
  5	
  
“M’s”	
  in	
  M5	
  stand	
  for	
  the	
  intersec$on	
  of:	
  
–  Metagenomics	
  

–  Metadata	
  
–  MetaAnalysis	
  

–  Models	
  

–  MetaInfrastructure	
  

  In	
  brief,	
  bring	
  together	
  a	
  set	
  of	
  strategic	
  partners	
  inves6ng	
  in	
  
various	
  aspects	
  of	
  new	
  and	
  emerging	
  technologies	
  
(workflows,	
  grids,	
  clouds,	
  turn-­‐key	
  desktop	
  solu6ons,	
  etc)	
  to	
  
build	
  a	
  next-­‐genera6on	
  compu6ng	
  landscape.	
  

  i.e.	
  community-­‐share	
  pla3orm	
  more	
  akin	
  to	
  those	
  built	
  by	
  
the	
  physics	
  (e.g.	
  colliders)	
  and	
  astronomy	
  (radiotelescopes)	
  
communi:es.	
  

The M5 Initiative




It’s all about standardization




CHALLENGE #2:"
SCALE OF DATA PRODUCTION HAS CHANGED; 
IMPACT ON COMPUTATION




Computing cost dominates
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Bioinforma6cs	
  

Sequencing	
  

cost 

454	
   GAIIx	
   HiSeq2000	
  

DNA	
  output	
  (Gb)	
  

DNA	
  seq	
  plaUorm	
  

Solution to this is to combine:

novel search algorithms, data reduction strategies, and 
cloud computing capabilities


to process this scale of data 
 Cost is purely BLASTX on Amazon EC2 
Source: Wilkening et al., Proceedings 

IEEE Cluster09, 2009 



CHALLENGE #3:"
BIOINFORMATICS IN A TRADITIONALLY DATA 
(COMPUTATION)-DEFICIENT FIELD




  Basic	
  concept	
  
  a	
  web-­‐based	
  resource	
  used	
  to	
  annotate	
  metagenomic	
  

datasets	
  and	
  organize	
  the	
  data	
  for	
  queries	
  

What is MG-RAST?


shotgun


rRNA


quality control

data


reduction
 analysis


http://metagenomics.anl.gov 



  Basic	
  concept	
  
  a	
  web-­‐based	
  resource	
  used	
  to	
  annotate	
  metagenomic	
  

datasets	
  and	
  organize	
  the	
  data	
  for	
  queries	
  

quality control

data


reduction
 analysis


shotgun


rRNA


What is MG-RAST?


Upload Preprocessing

Dereplication

DRISEE
Screening

Gene Calling

AA Clustering 90%

Protein Identification

Annotation Mapping

Abundance Profiles

Done

RNA  detection

RNA Clustering 97%

RNA Identification

http://metagenomics.anl.gov 



MG-RAST user community contribution


  Rapid growth; 15.11 Tb (as of last night)

  >54,400 datasets from thousands of groups

  Many labs (not just centers) produce data


http://metagenomics.anl.gov 
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Metadata


  sample_name	
  
  cur_land_use	
  
  cur_vegeta6on	
  
  cur_vegeta6on_meth	
  

  previous_land_use	
  
  previous_land_use_meth	
  
  crop_rota6on	
  

  agrochem_addi6on	
  
  6llage	
  
  fire	
  
  flooding	
  

  extreme_event	
  
  horizon	
  
  horizon_meth	
  

  sieving	
  
  water_content_soil	
  
  water_content_soil_meth	
  
  samp_weight_dna_ext	
  

  pool_dna_extracts	
  
  store_cond	
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  link_climate_info	
  
  annual_season_temp	
  
  annual_season_precpt	
  
  link_class_info	
  

  fao_class	
  
  local_class	
  
  local_class_meth	
  

  soil_type	
  
  soil_type_meth	
  
  slope_gradient	
  
  slope_aspect	
  

  profile_posi6on	
  
  drainage_class	
  
  texture	
  

  texture_meth	
  
  ph	
  
  ph_meth	
  
  tot_org_carb	
  

  tot_org_c_meth	
  
  tot_n	
  

  tot_n_meth	
  
  microbial_biomass	
  
  microbial_biomass_meth	
  
  extreme_salinity	
  

  salinity_meth	
  
  heavy_metals	
  
  heavy_metals_meth	
  

  al_sat	
  
  al_sat_meth	
  
  misc_param	
  



Part of an emerging digital biology community


  In the current version 
of MG-RAST, 
metadata is viewed 
as the key to 
providing the 
intersection between 
datasets


  Users (dots) sharing 
pre-publication 
metagenomes 
(edges)


Source: MG-RAST, 800+ shared metagenomes 



Summary


  Sequencing	
  strategies	
  –	
  single	
  gene	
  targeted	
  (proxy	
  
for	
  organism)	
  or	
  indiscriminate	
  sequencing	
  (proxy	
  for	
  
community	
  func6on)	
  

  Challenges	
  related	
  to:	
  de-­‐centralized/emerging	
  field,	
  
increased	
  scale	
  of	
  data	
  produc6on	
  by	
  next-­‐gen	
  DNA	
  
sequencing	
  plaUorms,	
  and	
  a	
  tradi6onally	
  data-­‐
deficient	
  field	
  

  Solu6ons	
  in	
  forms	
  of:	
  standardiza6on/exchange	
  of	
  
data	
  types,	
  novel	
  data	
  handling	
  strategies,	
  and	
  web-­‐
based	
  repositories	
  of	
  organized	
  data	
  

  Metadata,	
  metadata,	
  metadata	
  –	
  standardiza6on	
  and	
  
community	
  sharing	
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